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Abstract 
Coastal risk and related prevention and prediction activities are key topics in coastal environment planning and management 
connected to coastal erosion risk assessment, flood risk and coastal inundation. Further, moving up to general environmental 
impact, even related to risk assessment, the realization of human activities or infrastructures along the coast generally introduce 
drastic changes in longshore sediment rating and wave climate effects during both wave motion and storm surge. In such case, 
numerical models can be effective tools in local coastal planning, scheduling and management activities in both ordinary and 
emergency conditions. In fact, advanced and complex computational model availability allows numerical and graphical 
description of such scenarios aimed to define possible mitigation and contrast measures and or interventions by simulating 
alternative configurations/scenarios. In the paper the results of a medium-term morphological modeling of the interaction  
between marina and delta river, in ionic-Lucanian littoral in Basilicata region, are showed and discussed comparing the 
numerical outputs to observed changes of the local morphology gained by Lidar detection 
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1. Introduction 
Nowadays, different fields of scientific research need adequate tools and applications in order to obtain high 
quality outputs for realistic and accurate representation of the environment. This is a fundamental requirement 
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when knowledge, managing and planning territorial issues are concerned. Coastal areas are very valuable 
environments where various habitats are each other linked by complex interaction rules within a status of dynamic 
equilibrium. Moreover, coastal areas are often occupied by infrastructures and urban settlements implying 
important commercial and economic activities. Hence, in order to ensure the adequate management and to 
contribute to set up a permanent monitoring system of so complex areas, an accurate environmental 
characterisation of these areas is necessary. Integrated River Basin Management (IRBM) (2000/60/EC) and Marine 
Strategy Framework Directive (MSFD) (20008/56/EC) identify several keys descriptor to assess the environmental 
status of coastal area and marine waters.  
The impact of human activities involves the loss of coastal area resources, i.e. the building of dams along rivers 
and their discharge control, the construction of jetties at sea and other engineering works, altering the natural 
equilibrium of coastal areas and consequently affect the distribution sediments and beaches. Over the past 50 to 60 
years, rapid expansion of economic activities, settlements and tourist activities, has increased the demand for 
littoral areas and it has also led to hydrogeological and environmental stresses along the coast. Erosion is caused by 
a large number of factors such as changes of winds pattern and wave climate, increase of wave energy and 
reduction of rivers solid discharge and compromises the delicate equilibrium governing coastal environment 
creating a sensitive impacts on all habitats associated with this complex ecosystem. Understanding of conservation 
status, and coastal dynamics and evolution is essential not only for the protection of habitats, but also for proper 
management of all components of the band coast. Submerged beach, backshore and dune area are three separate 
interdependent elements mutually strong interact (Zonneveld L.M.L., 1992). For that, it is plausibly expect that 
changes affecting one of these three components induce direct or indirect influences on the state of the other two 
(Psuty, 1988; 1989). 
The assessment of the direct impacts due to interaction between coastal structures and shoreline represents one 
of the crucial issues to be taken into account in the coastal management plan both in terms of littoral 
morphodynamics and marine ecosystem maintenance. In fact, the widespread presence of permanent and seasonal 
structures built on the longshore sand dune close to the foreshore, amplified the wave action increasing the local 
erosion rates with an appreciable reduction in beach width and sensitive impoverishment in local economy mainly 
based on tourism activities. In such context, available data on shoreline changes for the ionic coast of Basilicata 
region (South of Italy) show that it is strongly affected by erosion processes inducing severe critical conditions for 
both natural and urban areas and local tourism economy too. Such an information highlight a heterogeneous 
erosion process acting on the whole coast principally due to drastic reduction of sediment supply from river 
catchments and to coastal infrastructure system expansion. 
The paper deals with the use of advanced complex numerical model to assess medium-term morphological 
evolution of coastal areas characterised by the interaction between a marina and delta river on ionic-Lucanian 
littoral. In detail, the model analyses the morphological changes after the construction of the port. The used hydro-
numerical model is a coupled wave-hydrodynamic model able to perform key wave motion processes such as 
propagation (refraction, reflection, diffraction), wave braking, wave-induced currents and to represent the related 
morpho-dynamic effects (erosion, deposition and transport). 
The numerical runs have been performed referring to two main scenarios: ex-ante and ex-post the infrastructure. 
The model is set-up and calibrated on the ionic coast of Basilicata Region basing on the availability of hindcasted 
wave climate data, river discharge data and topo-bathymetric information for the whole period 2006-2012. Data 
analysis is addressed to reproduce time-space evolution of the shoreline as well as to forecast a possible coast 
evolution referring to the local dynamics and coastal infrastructure-delta river interaction. The simulated evolution, 
thus, has been compared to observed data collected at different times through Lidar surveying, showing a good 
modelling performance. 
2. Study area description 
The study area is located in the northern part of the Ionian Sea inside Taranto Gulf (Fig. 1). The area is 
characterised by typical fine sandy beach, gently sloping off shore by 1-2 %, and the cross shore profile is 
historically branded by the presence of 2 and 3 orders of natural bars. The Basento delta river appears like a wave-
765 M. Greco and G. Martino /  Procedia Engineering  70 ( 2014 )  763 – 772 
dominated delta and its recent evolution, from 1997 until 2008, clearly shows a trend deflection to north (Fig. 2) 
with the exception of 2006 shoreline which exhibits a lengthen of the delta river in south direction. Such process is 
related to the drastic reduction of sediment supply from Basento river catchment due to human activities, land use 
changes, land defence interventions and construction of water resource management infrastructures (“Camastra” 
and “Trivigno” dams) all along the stream and into the river basin especially occurred in the ‘60s-‘80s period till 
the ‘90s. 
 
Fig. 1 – Study area location on the nautical charts of the Ionian Sea and of the Taranto Gulf. 
 
Fig. 2 – Recent historical coastline change at Basento river delta (by Geocart srl enterprise). 
Inspecting fig. 2 as general result, it can be noted that starting form 2008, coastline data exhibit a trend 
inversion in the above mentioned morphological process and the Basento river delta deflects to south with 
increasing channel width and depth. 
Such process is probably related to the construction of the touristic harbour entrance jetties on the updrift side of 
the Basento river delta which also induced a shoreline accretion on the updrift side and a shoreline recession on the 
downdrift side of the harbour entrance (Fig. 2 and Fig. 3). 
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Fig. 3 - Coastline evolution at Basento river delta after touristic harbour construction. 
The aerial photo sequence reported in fig. 3 (by Geocart srl enterprise) clearly outlines stream deflection and 
recession on the downdrift side of the harbour entrance due to the formation of a large delta gradually involving 
the downdrift jetty too. Since 2010, such process seems to induce downdrift jetty spur construction finalized to 
prevent progressive structural failure due to erosion processes related to waves, flow and currents in the delta river. 
Thus the paper deals with a rough simulation of morphological evolution of the Basento river delta due to the 
mutual interaction between the harbour and the river itself. Moreover, the work is oriented to identify and to 
simulate the main physical processes involved as well as to reproduce the induced environment changes. 
3. Model schematization 
Hydrodynamics and wave processes have been simulated by Delft3D package with “online coupled wave-flow” 
model. This type of dynamic interaction allows to take into account both effect of wave on current and effect of 
flow on waves. In detail, the flow field is repeatedly computed by the hydrodynamic module and is provided to the 
wave module at the coupling time step. The wave module (SWAN, Booij et al., 1999) solves the “wave action 
density balance equation” and provides the wave conditions (i.e. wave forces, orbital bottom velocities etc.) to the 
flow module which solves the shallow water equations. 
Delft3D package also includes several routines to assess sediment transport, hence, every time step, the 
morphodynamic equations allow to valuate an updated bathymetry which becomes  the input of the next “two way 
wave-current interaction”. 
In general, due to large calibration effort and large computational time, fully 3D simulations are often not very 
practical in such kind of engineering applications (Giardino, 2010), moreover, in the present work, the limited data 
availability disagrees with the complexity of the involved physical processes. Therefore, we use a quasi-3D model 
via depth averaged schematization (2DH mode) and SWAN runs in a “quasi-nonstationary” mode (Lesser, 2009). 
Starting from the final configuration of the previous SWAN run simulation (hot-start), the “quasi-nonstationary” 
mode involves stationary SWAN simulations frequently with updated boundary conditions. 
In addition, morphological development of the coastal study area is modelled through input reduction techniques 
and behaviour-oriented modelling. 
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3.1. Input data analysis 
3.1.1. Tides, Winds and Waves 
The morphological forcing estimation is a key point in a morphological simulation. In general, morphological 
forcing is a set of tide, wave, wind and discharge data. As well known, referring to the study area, tide is not such 
an important process in the medium-term morphological evolution and beach morphological response is mainly 
driven by wave climate through wave-induced currents. In fact, the historical dataset coming from the tidal analysis 
and referred to the nearby Taranto station belonging to the “National tide-gauge network”, underlines very small 
amplitude values (M2=0.064m; S2=0.034m) 
On the other hand, sediment type and the presence of natural sand beach dunes suggest that wind has a certain 
effect on local beach morphodynamic development. Nevertheless, because the absence of wave buoys in the 
northern Taranto Gulf, wave data are unavailable and wave climate analyses were performed on hindcasted seas. 
The use of a hindcasting method inevitably leads to a qualitative wave climate, hence, in this study, wind forcing is 
neglected and only wave climate is used. Therefore, the model is forced only by river discharges and waves which 
are applied as boundary conditions. 
Offshore wave climate data are estimated by the use of a revised version of SMB method (Greco et al., 2004) as 
function of wind direction and speed data acquired from the meteorological station named “Marina di Ginosa”, id. 
325 belonging to CNMCA - National Centre of Aeronautical Meteorology and Climatology of Italian Air Force, 
located nearby the north boundary of the computational grid. 
The goal of wave climate schematization is to define few wave classes into summarize the overall wave climate 
allowing a considerable input reduction for the model runs. 
In this work we use the morphological wave climate approach defined in a very simple way by the solution of 
the follow system of equations: 
( )∑ ⋅⋅=⋅⋅ smismiimorfmorfT THnTHN 22        (1) 
∑ ⎟⎟⎠⎞⎜⎜⎝⎛ ⋅=⋅ 22 smismiimorfmorfT THnTHN         (2) 
in which Hsmi, Tsmi, ni and NT represent the mean wave height and period of the i-series, the number of waves in 
each sea state and total number of waves in the equivalent wave climate respectively. The assigned direction αmor 
for the equivalent wave climate is estimated assuming a vector representation of the above motioned quantities (1) 
and (2). Wave data referred to the whole data acquisition period 1968-2012 were collected and aggregated every 
10° sub-sector by month, season and direction. In the tab. 1, seasonal wave climate data referring to three different 
time intervals are shown. In the same table, deq[d] represents the duration, in days, of the estimated morphological 
wave condition persistence per season assuming the same NT number of waves. 
Table 1 – Wave climate analysis results. 
  1968-2010 1968-2007 2008-2010 
 Hmor[m] Tmor[m] αmor deq[d] Hmor[m] Tmor[m] αmor deq[d] Hmor[m] Tmor[m] αmor deq[d] 
Winter 1.41 4.81 136.70 12.31 1.41 4.80 136.93 12.03 1.43 4.81 134.47 16.08 
Spring 0.85 3.76 135.21 13.77 0.86 3.78 135.50 13.76 0.72 3.48 130.20 13.70 
Summer 0.64 3.20 140.89 10.19 0.66 3.25 141.27 10.34 0.39 2.22 140.26 7.15 
Autumn 1.54 5.02 137.29 11.12 1.54 5.03 137.33 11.14 1.54 4.95 136.71 10.85 
 
Data analysis results highlight morphological wave climate coming from SE direction for all season. Moreover 
no sensitive variations in morphological wave condition appear, except spring direction for the 2008-2010 
interval wherein we observe a small variation with respect to the whole period 1968-2010. Due to such modest 
variations, in the work we assume 2008-2010 wave climate analysis resulting as wave morphological conditions 
forcing the numerical model for the whole period 2008-2012. 
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3.1.2. River discharges 
The river discharge dataset used for the model implementation are provided by Inter-Regional Basin Authority. 
Seasonal average discharge data are referred to the stream gauge named “Menzena” located few kilometers 
upstream the Basento delta river. Due to the absence of other tributaries downstream the above mentioned stream 
gauge, these data are sufficiently representative of the river discharge at the location of interest (tab. 2). 
Table 2 – Seasonal average Basento river discharges [Q[m3/s]]. 
Winter Spring Summer Autumn 
25.50 9.69 1.29 12.46 
 
Due to low seasonal discharge values, no density-driven currents were modelled. 
3.1.3. Bathymetry and sediments 
Topographical information springs form different data sources with different time and space data acquisition 
and definition. In detail: 
- offshore data come from an oceanographic campaign performed in 2005 provided by the Basilicata Region; 
- nearshore data come from bathymetric surveys carried out by the Basilicata Region in 2008 and 2010, and 
by the Institute for Coastal Marine Environment of the National Research Council (CNR-IAMC) in 2012; 
- subaerial shore data come form airborne Lidar data campaigns performed in 2001, 2008, 2011 and 2012 (by 
Geocart srl enterprise) 
All the data mentioned above haven’t the same accuracy, but are sufficient to represent its qualitative 
morphological development. 
Before the harbor construction the delta area was characterized by a quasi rectilinear natural shoreline; 
furthermore the area was substantially flat with an altitude of about 0.5 m.a.s.l. interrupted, upstream the delta, 
only by the presence of the right bank embankment. The downdrift entrance jetty appears like an extension of the 
Basento embankment.  
Sediment data referred to different measurement campaigns (1999, 2001, 2007, 2010) exhibit homogeneous 
sand grain size for bottom sample of about d50=200μm. 
Sediment loads for both Basento river and coastal area are not available in terms of direct measurements, but 
no relevant amount are ordinarily supplied as reported in several studies (Simeoni 2001, Pescatore et al. 1999). 
Therefore, in this work, no quantitative sediment budget analysis is carried on and the morphological model has 
been assumed evolving in “free conditions”. 
3.2. Model set-up 
Two different scenarios are required for the model implementation and validation. Referring to harbor jetties 
construction, we named “Ante-operam” the scenario before the construction of the entrance jetties (i.e. without 
any jetty) and “Post-operam” the scenario after the jetties construction (i.e. with jetties). The computational grids 
needed to simulate both wave and hydrodynamic processes were designed to minimize boundary effects. 
Therefore, for each scenario, we define a large wave-grid on which wave processes are simulated containing a 
hydrodynamic grid on which both flow and morphological processes are simulated. Due to the bathymetric 
information, it is reasonable to assume a rectangular representation for both wave-grid and flow-grid. Because of 
the simulating processes, the wave forcing and the local bathymetry, the wave grid selected in this work extends 
about 5.00 km and 2.30 km in the long-shore and cross-shore directions respectively.  
In order to adequately represent the nearshore bathymetry, the cell size varies gradually from 80 m to 20 m, in 
the cross-shore direction moving from the offshore to the land boundary. On the other hand, in the long-shore 
direction the cell size varies gradually from 80 m to 5 m moving from the outer side of the computational grid to 
the river delta, which is approximately located in the middle up of the computational domain, to minimize 
boundary effects. Thus the wave grid consists of 9750 grid cells. The time varying offshore boundary conditions 
were prescribed as the estimated average seasonal wave climate shown in the tab. 1. In order to achieve a consistent 
numerical accuracy, in every SWAN run a relative change of 0.02 units, from one iteration to the next, is 
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prescribed for both local significant wave heights and local mean wave periods. Moreover, such conditions are 
fulfilled at least in the 98 % of all wet grid points.  
Flow is simulated on a “staggered” Arakawa C-grid (Deltares, 2011) with a bed updating scheme. Such grid, as 
mentioned above, is contained in the wave grid and extends about 2.75 km and 1.25 km in the long shore and 
cross shore directions respectively. The flow computational grid consists of about 36370 grid cells in the “Ante-
Operam” scenario and of about 35550 grid cells in the “Post-operam” scenario, with gradually varying cell size 
form 10 m to 5 m and from 20 m to 5 m in the cross-shore direction and in the long-shore direction respectively, 
in order to achieve an appropriate accuracy in the simulations. 
Seaward boundary conditions were set-up as water levels while cross-shore boundaries were prescribed as 
Neumann boundaries. Neumann boundaries are gradient type boundaries and allow for the undisturbed 
propagation of currents out of the model that are impossible to predict and impose as a boundary condition 
without running the model. At the upstream river boundary seasonal discharges (tab. 2) were assumed. 
To achieve appropriate Courant-Friedrichs-Levy conditions, we assume 6 seconds as simulation time step, 
while the coupling time interval between flow module and wave module was set-up to 10 minutes. 
As briefly described above, the computational procedure to simulate all the involved processes requires: to 
impose the initial conditions, to loop the wave conditions and hydrodynamics for the necessary time to minimize 
fluctuations in hydrodynamic variables and then to run the morphodynamics (i.e. wave, flow with bed updated 
scheme every time step) for the time required to describe the morphological behaviour. Such sequence must be 
repeated for every time varying boundary condition, hence several computation steps and large computation time 
are needed to model a complete medium-term morphodynamic simulation. For example, in this work, using an 
“old” dual core processor with 2.00 GB of ram, about 72 hours of the real time are required to simulate all the 
winter season 2009 by assuming deq[d]=16.08 days as time period necessary to represent the seasonal wave 
conditions (tab. 2). In order to reduce such large computational time, in this first rough model, we tried to 
calibrate the “morphological time scale factor” - Morfac - available in the Delft3D model. Such factor is a 
“morphological acceleration factor” which simply multiply the sediment fluxes to and from the bed by a constant 
factor, hence this technique allows long morphological simulations to be achieved using hydrodynamic 
simulations of only a fraction of the required duration (Lesser, 2009; Ranasinghe et al., 2011). 
Therefore, using the default Van Rijn approach (Rijn, 1993; Rijn et al., 2003), available in the Delft3D 
software package, to simulate sediment transport and assuming deq[d] values estimated with the simplified 
methodology discussed in section 2.1.1. as representative morphological durations, several test cases were 
performed with different values of the “morfac” parameter by assuming the simulation results with morfac=1 as 
benchmark for the comparisons. Given the characteristics of the present study, a satisfactory agreement for 
quality results, real simulation time required and storage capacity needed, was obtained by adopting 12 hours as 
hydrodynamic simulation time. Therefore, the “morfac” parameter values obtained through the use of the relation 
(3) and used to perform the seasonal simulations required to represent all the observation period are reported in 
the next tab. 3. 
hydrmoreq tMorfactt ⋅==          (3) 
Table 3 – Estimated values of the morphological time scale factor. 
Winter Spring Summer Autumn 
32.15 27.41 14.29 21.69 
For example, with reference to the depth averaged velocity parameter, in the next fig. 5 the comparison 
between the benchmark simulation results and the time varying “morfac” simulation results at the end of 2009 
winter season is shown. 
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Fig. 4 – Depth averaged velocity with different value of “morfac”. 
Those results have been obtained at the end of both the simulations started at the 2008 Autumn and stopped at 
the end of the winter season 2009. In terms of consumed real time the effects of such employment are relevant, in 
fact the benchmark simulation requires about 5 days while the accelerated simulation requires about only 6 hours 
by assuming morfac=21.69 and morfac=32.15 to model the autumn and the winter seasons respectively. 
3.3. Results 
The first computer simulation carried out refers to “Ante-Operam” scenario which inspects only to the autumn 
2008, while the “Post-operam” scenario was subsequently obtained with respect to all the observation period 
between Autumn 2008 and Spring 2012. The results here proposed are represented in terms of both morphological 
and hydrodynamic significant parameters, bottom depth and depth averaged velocity respectively. The images 
have been produced drawning the measured shoreline at autumn 2008 as reference land boundary and the results 
are arranged in agreement with the shoreline surveys and hence with the images shown in the fig. 2 in which the 
signed time is referred to the end of the corresponding seasonal period. 
The simulated depth averaged velocities (fig. 5) exhibit a long-shore current moving form the south-west to the 
north-east direction for both “Ante-Operam” and “Post-Operam” scenarios with the largest values in the 2008 
autumn, moreover the current velocity increases approaching the river delta irrespective of the observation time. 
 
 
Fig. 5 – Simulated depth averaged velocities for “Ante-operam” and “Post-Operam” scenarios.  
From morphological point of view, immediately after the jetties construction the model results highlight a 
bottom depth decrease for both updrift and downdrift sides of the harbour entrance. At the end of the 2010 
summer, the simulation results underline two different developments for each side of the harbour entrance: an 
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accretion of the shoreline on the updrift side and an increase of the bottom depth on the downdrift side of the two 
jetties. Furthermore, the shape of the mouth changes, the bottom depth increases and the stream gradually enlarges 
and deflects to the downdrift entrance jetty. Such process appears irreversible and continues till the observation 
period ends. 
 
Fig. 6 – Simulated water depth for “Ante-operam” and “Post-Operam” scenarios. 
In terms of cross-shore profiles, in fig. 6 the bed levels for two representative cross-sections, located on the left 
and on the right Basento river banks, named n 200 and n. 164 respectively, are shown in comparison with the 
available local measurements. 
 
Fig. 7 – Simulated bed level elevation at two representative cross sections in the Post-Operam scenario. 
For both the selected cross-sections, the obtained results exhibit a time increasing large erosion in front of the 
Basento delta. In particular, the cross-section n. 164 is subjected to a mean erosion thickness of about 0.60 m 
distributed along the profile length from the original 2008 Autumn shoreline till the water depth of about 5.50 m. 
As expected, the maximum value, of about 1.50 m, is due to the early shoreline erosion with an underwater berm 
formation. On the other hand, also the cross-section n. 200 exhibits an erosion process acting all along the profile, 
but such process induces a mean erosion thickness smaller than the other one. Furthermore, simulations indicate 
that erosion arises first and quickly develops in the right bank rather then the left bank. Such behaviour is in 
accordance to the dynamics of the observed phenomenon; nevertheless, those results don’t fit accurately the 
measurements. In particular, while on the left side of the delta river the simulated bed levels at the end of the 
simulation seem very close to the water depth measurements, on the right bank (cross-section n. 164) the obtained 
results are slightly different from to the expected results. 
4. Conclusions 
The paper deals with an approximate simulation of morphological evolution of the Basento delta river due to the 
mutual interaction between harbour and river itself. Such evolution has been modelled through a worldwide 
recognised open source software (Delft3D) employing all the observed and collected data for both wave climate 
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and river water and sediment supply as well as topographic and bathymetric surveys obtained by Lidar and 
single/multibeam campaigns. Due to the limited sediment transport data and measurements, the results here 
proposed are considered to be mainly qualitatively even if encouraged and supported by aerial photo observation. 
Further analyses are required to enforce the issues here discussed.  
To achieve more realistic simulations and to improve the model results, in the next future we’ll try to estimate 
the meteorological forcing taking into account the morphological effects of both wind and sea storms as well by 
assuming a quantitative performance index (such as Brier Skill Scores) to assess the acceleration techniques. 
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